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lation and obtained T; for the general case of an
arbitrary field orientation both for the hexagonal
and for the tetragonal lattice. We do not give here
the final formula, which is complicated. It has been,
established that the anisotropy of T; is not more
than 5%, so that in measurements of T; on single
crystals or polycrystalline material one would ex-
pect practically identical results.

4. The crystal lattice of deuterium was first de-
termined by Kogan, Lazarev, and Bulatova® ( tetrago-
nal, a = 3.35, ¢ =5.79) and it seemed useful to ex-
plore the possibility of confirming these results by
data on the anisotropy of nuclear resonance. We
have limited ourselves to examining orthodeuterium,
as the intensity of the resonance is almost an order
of magnitude greater than for paradeuterium. The
rotational state of orthodeuterium has spherical
symmetry, so that intramolecular broadening should
be absent. According to Hatton and Rollin® one can
also neglect the line broadening caused by the quad-
rupole moment of the deuterium nucleus. The sum-
mation (2) leads to considerable anisotropy:

Z r7 (3 cos?6,, — 1)2 = a7 (8.32 — 3.2 cos? ).
%

(5)

In conclusion I would like to express my sincere
thanks to B. G. Lazarev for his interest in the work.

*The present work was started in connection with an ex-
perimental search for anisotropy in nuclear resonance in hydro-
gen, carried out by A. A. Galkin and I. V. Matyash, to whom we
are grateful for suggesting the problem.

TThe measurements of the specific heat anomaly* and Naka-
mura’s theory® indicate that in this temperature range an appre-
ciable anistropy of molecular orientation is already starting.
The intramolecular resonance line broadening connected with
this can, in principle, be calculated from Moriya and Motizuki’s
theory,® but such a calculation is extremely unwieldy. We
should point out that the experimental data given by Sugawara
et al.,' with values of the second moment determined on poly-
crystalline material, indicates the relatively small intramolecu-
lar broadening, at least for small ortho-hydrogen concentrations
(p ~ 10-20%).
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IN order to determine the density of charged par-
ticles in the channel of a spark discharge we have
investigated the shape of the He II line A = 4686 A
produced in a discharge in helium. Under the ex-
perimental conditions in the present work (p=1.5
—12 atmos, C =0.05uf, U=2—12kv, L=0.18—
3.6 uh) up to 0.3 usec after the initiation of the dis-
charge only the spark lines of helium (4686 and
3203 A) are radiated; however, the shapes of these
lines could not be examined quantitatively because
of smearing. The line shapes were recorded by
means of a photoelectric system in which traces
are made at two different instants of time after
the initiation of the discharge.!’? It has been es-
tablished that at the beginning of the discharge the
4686 A line is highly broadened and shifted toward
the red, although there is no noticeable asymmetry.
The displacement was measured with respect to
the position of the same line at later instants of
time, when the line exhibits essentially no dis-
placement (t = lusec). It is reasonable to as-
sume that the red shift of the line is due to the
quadratic Stark effect.> The absolute values of
the displacement (up to 8 A) and the half width
(up to 50 A) indicate that in the initial stages of
the discharge the density of charged particles is
quite appreciable.

This density can be estimated by three methods:

1. Using the shape of the 4686 A line computed
by Unsdld on the basis of the Holtsmark theory for
the linear Stark effect it is possible to find the den-
sity of charged particles N by matching (at the
wings of the line) the experimental and theoretical
shapes (cf. for example, references 5 and 6).

It should be noted that for line shapes which
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Discharge conditions N-10-#, cm™
p, atmos| L, uh U, kv R oo Bvis Sl s

1.5 0.18 4 0.08 0.62 0.52 0.77
25 | 0.8 25 05 0.4 0.3 045
5 0.18 6 09 0.62 05 8128
s 0.18 6 623 - 0.5 12

12 0.18 10.5 0% - t 1.28
25 | 3 55 | 0l o | o

are distorted by reabsorption and for cases of
high density (> 10!® cm™) the curves cannot be
matched satisfactorily.

2. By measuring the half width of the line it is
possible to estimate the density of charged par-
ticles from the well-known relation given by Holts-
mark.” Using the Stark constant for the outermost
components of the splitting (n = 6) we obtain the
following relation between the half width of the line
v (in A) and the density:

Y =4.1071N", (1)

Both of these methods are based on the Holtsmark
statistical theory for the linear Stark effect. Thus
it is assumed that the broadening of the lines is
due to the linear effect and that the second-order
effect can be neglected.*

3. Using the experimentally determined value
of the line shift, it is possible to find the density
from the theory of the quadratic Stark effect in
collision broadening:!’

Ao = 33.4C"'"N. (2)

A very rough estimate indicates that the exist-
ence of a linear effect does not lead to a significant
change in Eq. (2) for the case of the 4686 A line
(cf. also reference 11).

The mean value of the Stark constant for several
Stark components (n =0, 1, 2, 3) is 1.2 X 10715 cm!
sec™!. Assuming that the temperature of the chan-
nel is 10 ev, we obtain the following relation between
the line shift A (in A) and the density of charged
particles N (per cm®):

A =26.107N. @)

In investigations of line shape it is important to
take account of distortions due to reabsorption.
Starting from the ratio of the intensity of the back-
ground, spark and arc lines, using the Saha formula
for N=108ecm=3 it is possible to place a lower
limit on the temperature of the discharge channel.
Carrying out this estimate for t ~ 0.1lusec, we

find T = 6 —7 ev. The maximum measured radi-
ant temperature of the channel (for A = 4686A)
is 2 ev. Whence it follows that for t < 0.1usec
there is no noticeable reabsorption in the channel.
At later moments of time and pressures p = 8
atmos reabsorption does become significant; this
is indicated by the depression of the line peaks.

The results of calculations of the charged-par-
ticle density for various experimental conditions
are given in the table. In view of the rough simpli-
fications which have been used in the calculations,
the results obtained by different methods seem to
be in satisfactory agreement.

It should be noted that the question of whether
or not it is permissible to use existing theories
of line broadening for the case of such a dense
plasma (N = 10'® ¢cm~?%) has not yet been re-
solved;® 1% in particulat, under these conditions
the conditions for an ideal plasma are not satis-
fied.?

In conclusion the author wishes to thank M. P.
Vanyukov for his interest in the work and discus-
sion of the results.

*It should be noted that at the present time it is difficult
to evaluate the role of the electrons quantitatively by the use
of the statistical theory (cf. for example, refs. 8 and 9); for
this reason there is some uncertainty in the determination of
the density.
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SINCE it is intended very soon to make experi-
ments on the scattering of electrons by electrons
at high energies,1 it is desirable to derive the gen-
eral formula for the scattering of an electron by
an electron in the case in which the charges of the
electrons are smeared out in an invariant way.

The calculation has been made for the case of
the exchange of one photon. As is well known, in
this case the vertex operator for the interaction
of an invariantly smeared out electron and a pho-
ton can be written in the form

el (q) = el1uf (@%) 4+ (/am) (@Ys — 1u9) F2 (491 (1)

Here q is the momentum transferred, and f; (q?)
and f, (q%) are functions describing the distribu-
tions of charge and current in the electron.

If a particle of spin 1/2 has a point charge e
and a point anomalous magnetic moment u, then
fy =1, f, = —iu/2; for small values of the magni-
tude of the momentum transfer q the functions f;
and f, are respectively the distributions of charge
and anomalous magnetic moment in the electron.
If, however, the magnitude of the momentum trans-
fer becomes larger than or of the order of the re-
ciprocal of the length characterizing the distribu-
tions of charge and anomalous magnetic moment in
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the electron, this simple interpretation of the func-
tions f; (¢%) and f, (q*) becomes incorrect, and
both functions describe both the charge distribution
and the anomalous magnetic-moment distribution.
Just for this reason, although the anomalous mag-
netic moment of the electron is of radiative origin
and is very small (u ~ a/27), the function f, (q?)
can be very important for the description of the
charge and current distributions in the electron
at small distances.

After averaging and summing over the spins
of the electrons in the initial and final states we
get the following formula for the scattering cross
section in the center-of-mass system:

ds [ dQ = r2X / 42, 2
where
X=a/4(1l—1)2+3/4(1—w?— @ 4e) /41 —p)
X (I —n);
% =2[2 =204 i 8 (1 —1)
W[4 — Bl 02— ) [y ] fa P 4 (1 — W2
X AT —2h — 31222 4 ud)] | fo|* — 16 (1 — ») Im (ff})
XU O—2) + 12 (1 =1 (0. —5)]
+ 48 (1 — 1) [Im (f,f)1%

61 - e == 2{2Re (F23f72) (M +4- 0 % —»® — 11— 2 Im (fifof %)
(1 — 1) X [5x - 3+ — 3] — 2Re (F2f32) (1 — )
5 (B 20— 1 — 12— ] — 2 Im (Fff72) (1 — )

% 5% 4 3h 4w — 3] 4 8Re (12 (1 — ) (1 — )

X (2% —3) — 4 Iin (F}f22) (1 — 1) (1 — w)[6—47 —yu —>]
— ORe(F2f)(1 — ) X [Bx + X + 2 — | — e 2hp]

— 4Im (Baf) (1 —2) (1 — ) X [6— % —»— 4u]

- Re (F2f) (1 — 1) (1 — ) 2 + p? — 522 — 13);

the coefficient B can be obtained from the formula
for « if we make the following replacements:

fia— f;.z; K=, @—h
Besides this, we have used the notations:
o=1,0, [,=/,4%;
%= — M2 (pypa) = — m > (pp,) = 2¢* — 1,
w=—m2(pp,) = — m2(psp,) = 7>+ (Y — 1) cos ¥,
k= —m(pip)) = — m*(ppy) = 7* — (Y’ — 1) cos ¥,
S = '{/N.

¢ is the scattering angle in the center-of-mass
system; py, Py are the initial and p{, pj the final
momenta; ¢ =p;—pj =Pz =Pz d" =P1—P;=Pi-P



